Introduction
Despite the high mortality that must have been associated with pregnancy and parturition (giving birth) in the past (e.g. Högberg et al. 1987; Arriaza et al. 1988; Slaus 2000) , cases of fatal dystocia (obstructed childbirth) are uncommon in the archaeological record, particularly in the absence of preserved soft tissue. Indeed, since the 1970s, only aboutbeen published in the archaeological literature, the vast majority appearing to represent complications due to childbirth (e.g. Sjovold et al. 1974; Hawkes & Wells 1975; Wells 1978; Owsley & Bradtmiller 1983; Pounder et al. 1983; Persson & Persson 1984; Högberg et al. 1987; Malgosa et al. 2004; Rascón Pérez et al. 2007; Cruz & Codinha 2010; Willis & Oxenham 2013) . The explanation for this apparent contradiction-high maternal and fetal mortality in antiquity but little direct evidence for it-may lie largely in the fact that both the mother and child must have died together, the former being buried with her unborn (or partially born) fetus in utero, in order for the event to be archaeologically visible. In fact, one study of pre-Columbian female mummies from Chile found that not only did 14 per cent of those of child-bearing age die from complications associated with parturition, but of those, only 17 per cent (or 3 out of 18) failed to deliver their infants completely (Arriaza et al. 1988 ). This archaeological 'invisibility', compounded by possible cultural practices to remove fetal remains from the bodies of their deceased mothers (e.g. the Roman Empire's Lex Caesarea), potential (albeit rare) cases of 'coffin birth' (e.g. Schulz et al. 2005; Rascón Pérez et al. 2007; Lasso et al. 2009) , and the myriad taphonomic factors differentially affecting the preservation of delicate infant and fetal remains (Guy et al. 1997) , can account for the rarity of pregnant and labouring females recovered from archaeological contexts.
In a similar vein, although human twins were undoubtedly present in the past, just as they are today, confirmed evidence of them is exceptionally infrequent. Most archaeologically documented twins (e.g. Black 1967; Chamberlain 2001; Einwögerer et al. 2006; Crespo et al. 2011; Halcrow et al. 2012; Flohr 2014 ) represent possible or probable cases, with twin status being inferred from circumstantial evidence such as physical similarities of the remains themselves or peculiarities of their burial context. In fact, several presumed cases of ancient twins have been subsequently disproved (Hawass & Saleem 2011; Marshall et al. 2011) . Only very rarely can twin status actually be confirmed by irrefutable evidence, such as the discovery of dual sets of fetal remains in utero (e.g. Owsley & Bradtmiller 1983) .
Here we present not only one of the oldest archaeologically documented cases of dystocic death, but also the earliest confirmed set of human twins in the world. The remains are those of a young adult female from the middle Holocene Cis-Baikal cemetery of Lokomotiv (Siberia, Russian Federation), found with the partial skeletons of two full-term fetuses located in her pelvic area and between her thighs. Radiocarbon dates obtained from both the mother and infants place the remains firmly within the Early Neolithic period (8000-7000/6800 cal BP; Weber et al. 2006) . All three individuals appear to have died together from complications associated with childbirth.
Materials and methods
Lokomotiv is a middle Holocene hunter-gatherer cemetery located in the Cis-Baikal, the vast mountainous region north and west of Lake Baikal in south-eastern Siberia. The cemetery is situated on the west bank of the Angara River, at its confluence with the Irkut (Bazaliiskii 2010) ; today, it is located within the modern city of Irkutsk (Figure 1 ). Due to its present urban setting, Lokomotiv has yet to be completely excavated. However, a considerable portion of it-that situated within a large municipal park-was excavated between 1980 and 1997. During this period, 59 graves, representing 101 individuals (including the subjects of this paper), were recovered (Bazaliiskiy & Savelyev 2003; Bazaliiskii 2010) . The Lokomotiv burials represent the Cis-Baikal's Early Neolithic (EN) occupation, dating to 8000-7000/6800 cal BP (Weber et al. 2006; Bazaliiskii 2010) . It must be stressed that, while in the West the term 'Neolithic' implies sedentism and agriculture, in Siberian archaeology it is characterised by the introduction of pottery, and ground-stone and bow and arrow technology. Indeed, the EN and other middle Holocene inhabitants of the Cis-Baikal were, in every sense of the word, mobile foragers subsisting predominantly on game hunting, fishing and sealing (Weber et al. 2002 (Weber et al. , 2011 .
Grave R11 was excavated from the southern portion of the Lokomotiv cemetery, referred to as Raisovet, in 1997. It represents a primary interment, as indicated by the anatomical positioning and articulation of the main burial. The main individual, LOR 11.1, was a relatively complete and well-preserved skeleton in an extended and supine position. The body was orientated with the cranium towards the east (towards the bank of the Angara River) (Figures 2 & 3) . Grave accompaniments were represented exclusively by fifteen (decorative) marmot teeth: three on the right side of the cranium, seven among the ribs (mostly on the right side), and five just inferior to the lower right ribs (Figures 2 & 3) . The burial was not unique or unusual in any way, with its location (within the cemetery), body positioning, orientation and grave goods all typical of EN interments in the region, and of Lokomotiv in particular. Marmot teeth were common grave goods, being found in male, female and sub-adult graves, and probably represented decorative accessories affixed to garments. LOR 11.1 was directly radiocarbon dated to 7725-7630 cal BP (TO-10189: 6750+ − 70 BP), placing it in the early part of the EN (Weber et al. 2006) . LOR 11.1 was represented by all major limb bones and most manual, pedal, cranial, costal and vertebral elements. While some bones, particularly those of the thorax and superior cranial vault, were quite fragmented, skeletal preservation was generally good. A complete set of maxillary and mandibular dentition was also recovered, fully formed and erupted, with moderate dental wear (i.e. stages 4-5 using the Smith [1984] method). A conservative age at death estimate of 20-25 years was based on the iliac auricular surface and epiphyseal fusion (Moorrees et al. 1963; Powell & Brodie 1963; Webb & Suchey 1985; Meindl & Lovejoy 1989; Albert & Maples 1995) . The sex was clearly indicated as female by non-metric cranial and pelvic indicators (as outlined by Buikstra & Ubelaker 1994: 16-21) . Other than a small carious lesion on the right mandibular first molar, no skeletal or dental pathological conditions were observed.
In addition to the main individual described above, fetal remains were also recovered from grave R11. These were restricted to the abdominal and pelvic region of the female's skeleton, as well as to the area between her thighs (Figures 2 & 3) . It is important to note that only postcranial fetal remains, specifically fragmented long bones and vertebral arch fragments, were situated outside of the uterine area (i.e. between the femora of LOR 11.1). Furthermore, while other postcranial fetal bones (fragmented long bones, ribs, vertebral arches and coxal fragments) were located in the abdominal area of the main skeleton, all cranial fetal remains (including a left mandibular corpus and a partially formed deciduous tooth crown) were limited to the pelvis (i.e. located on the left and right ossa coxae and the sacrum; see Figure 3 ). A sample of fetal bone fragments was directly radiocarbon dated to 7810-7640 cal BP (TO-10190: 6829+ − 100 BP; Weber et al. 2006) , making them consistent with the maternal date. (Table 1) . Other duplicated cranial elements (e.g. the post-sphenoids) could not be measured due to fragmentation and post-mortem damage. While the representation of fetal postcranial bones and additional cranial fragments was not inconsistent with two individuals, other than the humerus (with three unsided humeral diaphyses being documented), the generally poor condition of these remains did not allow duplication among them to be conclusively demonstrated, nor for additional measurements to be taken (Table 2) .
Results and discussion

Confirmed twins
Both identifiable sets of fetal remains were recovered in situ with the skeleton of their labouring mother and represented similar stages of development. Fetal cranial measurements (Table 1) were consistent with one another and characteristic of near or full-term fetuses, with ages at death ranging largely between 36 and 40 prenatal weeks (Fazekas & Kósa 1978; Scheuer & MacLaughlin-Black 1994; Schaefer et al. 2009: 11-23) . One measurement (maximum width of the left pars petrosa of Fetus 2 [LOR 11.3]) was smaller than typical for a 36-week fetus but, given the fact that twins are often smaller than single infants, particularly after 36 weeks gestation (Ghai & Vidyasagar 1988; Luke et al. 1991) , this was not unexpected or contradictory. In addition to confirming similar developmental stages, measurements revealed a slight size discrepancy between the two fetuses, with one being larger than the other (Table 1 ). These differences-calculated for each dimension by subtracting the smaller value from the larger one and dividing the difference by the larger value (as per Miller et al. 2012 )-ranged from 0.91 per cent (sagittal length of the pars basilaris) to 12.87 per cent (maximum width of the pars basilaris). Size discrepancies are not atypical in twins and, if less than 18 per cent (estimated birth weight), are not considered to be abnormal or detrimental (Blickstein & Kalish 2003; Breathnach et al. 2011) . All evidence, therefore, indicated that the fetal remains were consistent with near or full-term twins.
Although human twins are relatively uncommon, representing 1-3 per cent of births today, their frequencies have varied over time and geographically across various populations (Ball & Hill 1996; Tough et al. 2000; Chauhan et al. 2010) . In recent years, for example, multiple births have increased considerably, reflecting, at least in part, advances in modern reproductive assistance (Tough et al. 2000; Chauhan et al. 2010) . Several potential cases of twin death have been identified from the archaeological record in the last decade, contributing immensely to our understanding of past perspectives on multiple births, personhood, death and mortuary practice (e.g. Einwögerer et al. 2006; Crespo et al. 2011; Halcrow et al. 2012; Flohr 2014) . While most provide compelling arguments in support C Antiquity Publications Ltd, 2015 
Figure 6. Left) superior view of left pars petrosa (temporal bone) of Fetus 2 (LOR 11.3); middle and right) left and right partes petrosa (temporal bones) of Fetus 1 (LOR 11.2).
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Figure 7. A) inferior; and B) superior views of the post-sphenoid elements (sphenoid bones) of Fetus 2 (LOR 11.3) (left) and Fetus 1 (LOR 11.2) (right).
of twin status, all ultimately rely on circumstantial evidence such as contemporaneous interment of two infants coupled with similar ages at death, matching skeletal or dental traits, or peculiarities of mortuary ritual (e.g. unique body positioning and unusual types or amounts of grave goods). The fact remains that however common (or uncommon) human twins might have been in the past, they are virtually impossible to confirm from most archaeological contexts.
Only under the most unusual of circumstances-such as both infants being interred together in utero, as is the case here-can we be absolutely certain that twins are represented. Based on these stringent criteria, only one other case of confirmed human twins has been reported in the archaeological literature, from an historic or ancestral Arikara (1600-1832 AD) burial from South Dakota, USA (Owsley & Bradtmiller 1983) . In that case, duplicated fetal remains, aged about 24 weeks gestation, were recovered from the pelvic and abdominal area of an adult female skeleton; death did not appear to have resulted from complications associated with (premature) childbirth (Owsley & Bradtmiller 1983) . With radiocarbon dates of approximately 7810-7640 cal BP, therefore, the case from Lokomotiv represents the earliest confirmed set of human twins worldwide. It is also unique in the Cis-Baikal among 431 other middle Holocene human skeletons (291 adult and 140 sub-adult) documented by the present authors. What is interesting to consider for both the Baikal and South Dakota cases is that, while twins have been posthumously confirmed, their identity was unlikely to have ever been known to their mothers and community members because they were never born. In fact, the typical EN burial treatment extended to LOR 11.1-whose grave was typical in every way for the region and time period (see above)-may suggest not only that the uniqueness of her twin pregnancy was unknown, but also that death during childbirth (see below) was not particularly unusual at the time. Due to this possible twin anonymity, therefore, it is difficult to use this case to interpret perceptions of multiples, or the significance of the mortuary practices ascribed to them, in the Cis-Baikal's middle Holocene.
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Fatal dystocia
The relative locations of the fetal remains, and their near-or full-term development, strongly suggest an incomplete breech (feet-or bottom-first) birth of the first infant and a normal vertex (head-down) presentation of the second. Even considering fragmentation and possible post-mortem shifting of skeletal elements, it is clear that only post-cranial fetal bones were recovered from outside of the uterine area (i.e. between the mother's femora), and that all fetal cranial elements were located together, low in the maternal pelvis (Figures 2 & 3) . It is also likely, if not certain, that the breech infant was partially delivered at the time of death rather than being expelled by gases created during decomposition, a process referred to as post-mortem fetal extrusion or 'coffin birth'. Although rare, post-mortem fetal extrusion has been documented in both the forensic pathological (Schulz et al. 2005; Lasso et al. 2009 ) and archaeological (Rascón Pérez et al. 2007 ) literature, with the condition appearing to affect only pre-term (and thus relatively small) vertex-presenting fetuses (Schulz et al. 2005) . In fact, of the three recent cases reported in the literature, fetal age ranged from 28 to 32 weeks gestation (Schulz et al. 2005; Rascón Pérez et al. 2007 , Lasso et al. 2009 ), which is considerably less mature than the grave R11 twins. Both positioning and near-or full-term fetal development, then, make it exceedingly unlikely that the first twin was expelled via post-mortem fetal extrusion. Rather, death appears to have occurred during the birth process, but before either infant could be completely delivered. Perhaps even more telling is the fact that the partially birthed breech fetus was interred in situ, between its mother's thighs, indicating that it was not (or could not be) removed from the mother's body, even with the muscle laxity that accompanies death.
The presence of twins, and the breech presentation of the first twin, in particular, appear to have caused an obstructed labour-"a failure to progress due to mechanical problems" (Neilson et al. 2003: 192 )-and to have contributed to the death of all three individuals. It is worth noting that of the three pre-Columbian female mummies mentioned above, who had failed to completely deliver their infants (Arriaza et al. 1988) , one had died while birthing probable twins and another while delivering a breech singleton; both conditions appear to increase the already high risk of death during childbirth (see below). Among twin births, malpresentation (breech or transverse) of one or both fetuses is relatively common, occurring approximately 60 per cent of the time, but it is much more likely for the first twin to be vertex than for it to be breech (Chervenak et al. 1985; DeVeciana et al. 1995; Boggess & Chisholm 1997) . Only about 20 per cent of modern twin deliveries are breech/vertex, in which the first infant is breech and the second vertex, as appears to be the case here, and these are generally considered to be high risk (Chervenak et al. 1985; Laros & Dattel 1998) .
Perinatal and maternal mortality is relatively high for breech births under the best of circumstances, even among singletons today (e.g. see Hannah et al. 2000) , but this is compounded in twin deliveries, especially breech/vertex ones. One complicating factor is the uncommon but extremely dangerous condition of interlocking twins, in which breech/vertex fetuses become locked, chin on chin, during vaginal delivery (Nissen 1958; Kurzel 1998 ). While very rare, occurring in less than 0.15 per cent of twin births, fetal mortality associated with interlocking is estimated at between 30 and 50 per cent if a Caesarean section is not performed (Cohen et al. 1965; Kahunda 1972; Rydhstrom & Cullberg 1990; Kurzel 1998; Nassar et al. 2004; Carroll & Yeomans 2006; Borah & Das 2012) . If the first infant is partially delivered, as appears to have been the case here, manual manipulation such as the Kimball-Rand manoeuvre (Kimball & Rand 1950) may allow for vaginal delivery, but with a high risk of maternal tissue damage (Bowman 1983) . In fact, in many modern cases, interlocked twins can only be delivered vaginally if the cranium of the first (deceased) infant is perforated and/or removed, and the birth of the second infant is assisted with forceps (Gordon 1956; Bowman 1983; Kurzel 1998) .
Another risk factor for breech deliveries, whether for twins or singletons, is head entrapment, the failure of the infant's cranium to negotiate the birth canal following its body. The occurrence of entrapment among breech births today is in the range of 5.6-9.3 per cent, being somewhat more frequent among pre-term fetuses because of the larger size of their heads compared with their bodies (Van Eyk & Huisjes 1983; Anderson & Strong 1988; Robertson et al. 1995; Tunde-Byass & Hannah 2003) . Whether the ultimate mechanism behind entrapment stems from the infant (e.g. deflexed cranium, hydrocephaly) or mother (e.g. contracted lower uterus, incompletely dilated cervix, pelvic tumours), fetal death can occur quite quickly due to compression of the umbilical cord (i.e. asphyxia) or trauma to the neural tissues (Anderson & Strong 1988; Dolea & AbouZahr 2003; Tunde-Byass & Hannah 2003) . In fact, the relatively high likelihood of head entrapment, necessitating complex and sometimes risky obstetrical manoeuvres or surgical intervention to free the fetus, has prompted many modern medical practitioners to opt for planned Caesarean sections rather than vaginal deliveries of breech infants (Anderson & Strong 1988; Hannah et al. 2000; Tunde-Byass & Hannah 2003) . While this approach has not gone unchallenged (e.g. see Kotaska 2004) , it emphasises the perceived, if not actual, risks associated with breech births even today.
Given the relative positions and developmental stages of the grave R11 twins, as well as the fact that the breech infant was not (or could not be) removed from its mother's body before burial, it seems almost certain that labour was obstructed, whether by interlocked twins, head entrapment or another condition, such as extended or nuchal arms (where the infant's arms are beside or behind its head) (Tunde-Byass & Hannah 2003) . It is impossible to speculate on the condition of the mother-whether her health, young age and/or previous experience of childbirth (or lack of ) might have contributed to the difficult and ultimately unsuccessful birth-or on the effectiveness of those who may have assisted her during labour. Regardless, without the skills, experience and technology of modern medical practitioners, this case of dystocia would have been a virtual death sentence for all three individuals, obstructed labour accounting for as many as 70 per cent of maternal deaths worldwide even in the late twentieth century (WHO 1994) . Cause of death for the mother would probably have been infection, haemorrhage (e.g. from uterine rupture) or exhaustion, while that of the infants would most likely have been asphyxia (Neilson et al. 2003) .
Grave R11 easily represents one of the oldest examples of dystocic childbirth documented in the archaeological literature. One case from the Mesolithic Swedish cemetery of Skateholm (Persson & Persson 1984 ) may be similar in antiquity, but the vast majority of other studies reported are considerably more recent, generally within the last 4000 years (e.g. Sjovold et al. 1974; Hawkes & Wells 1975; Wells 1978; Owsley & Bradtmiller 1983; Högberg et al. 1987; Malgosa et al. 2004; Rascón Pérez et al. 2007; Cruz & Codinha 2010; Willis & Oxenham 2013) . Interestingly, this case is not unique to the middle Holocene Cis-Baikal, but it is, by far, the oldest. A young adult female (burial 40.1) from the more recent Late Neolithic-Early Bronze Age cemetery of Ust'-Ida I, located on the Angara River about 150km north of Lokomotiv, was also recovered with the remains of a near-term fetus, albeit a single one, in utero. The maternal skeleton was directly radiocarbon dated to 4070-3945 cal BP (TO-10347: 3650+ − 60 BP; Weber et al. 2006) , making the Ust'-Ida I case about 3700 years more recent than the Lokomotiv one.
Conclusion
The grave R11 remains from Lokomotiv represent one of the earliest archaeologically documented cases of death during childbirth, as well as the oldest confirmed evidence of human twins worldwide. This latter distinction is particularly relevant given that the occurrence of ancient twins is virtually impossible to establish unequivocally, with most cases discussed in the literature reflecting possible or probable twin status inferred from circumstantial evidence. This case adds to the small but growing body of literature on maternal and perinatal death in the past, and the occurrences of, and risks associated with, human twinning in antiquity.
